Production of biodiesel is currently shifting from the first to the second generation in which the raw materials are mostly from non-edible type oils and fats. Biodiesel production is commonly conducted under batch operation using mechanical agitation to accelerate mass transfers. The main drawback of oil esterification is the high content of free fatty acids (FFA) which may reduce the yield of biodiesel and prolong the production time (2-5 hours). Ultrasonification has been used in many applications such as component extraction due to its ability to produce cavitation under certain frequency. This research is aimed to facilitate ultrasound system for improving biodiesel production process particularly rubber seed oil. An ultrasound unit was used under constant temperature (40 o C) and frequency of 40 Hz. The result showed that ultrasound can reduces the processing time and increases the biodiesel yield significantly. A model to describe correlation of yield and its independent variables is yield (Y) = 43,4894 -0,6926 X1 + 1,1807 X2 -7,1042 X3 + 2,6451 X1X2 -1,6557 X1X3 + 5,7586 X2X3 -10,5145 X1X2X3, where X1 is mesh sizes, X2 ratio oil: methanol and X3 type of catalyst.
Introduction
Nowadays, demands of fossil energy in Indonesia are significantly increasing while oil reserves will be diminishing within 20 years [1] . As a consequence, there are serious attempts in finding new alternative energy i.e. hydrogen cells, solar energy and wind power. However, the above technologies are still at the development stage, and still not feasible to be applied from economic point of view [2] .
The feasible option is developing the technology for biodiesel production as it is biodegradable and nontoxic product. Biodiesel also has low undesirable emission, and environmental friendly. Biodiesel can be produce from vegetable oils which is generated from renewable resources. They practically have less sulphur content, offer no storage difficulty, and they have excellent lubrication properties. Moreover, converting vegetable oils to become biodiesel indirectly can improve the absorption of carbon dioxide compare to the direct burning (conventional method in generating energy) [3, 4] .
Rubber seed oil is one of vegetable oil which has high unsaturated fatty acids (80%) and thus makes this oil potential source for biodiesel raw material. High unsaturated fatty acid leads to high value cloud point and cetane number as the important properties of biodiesel [5] .
The composition of fatty acid and other properties of rubber seed oil are shown in Table 1 . Rubber seed oil consists of 18.9% saturation comprising of palmitic and stearic acids and 80.5% unsaturation comprising mainly of oleic, linoleic and linolenic acids. The presence of the saturation fatty acid methyl esters will increase the cloud point, cetane number and also will improve stability. In other hand, the excess of poly unsaturated may reduce the cloud point and cetane number and stability. Trans-esterification (alcoholises) is the chemical reaction between triglycerides and alcohol in the presence of catalyst to produce methyl-ester and glycerine [4] . The overall trans-esterification reaction can be shown by the following reaction:
The glycerides are converted into glycerol and yielding one methyl ester molecule (FAME) which has properties comparable to biodiesel.
Production of biodiesel from vegetable oils i.e. soy, jatropha, sunflower seed or microalgae, using conventional process is relatively slow (almost 4-5 hours), it needs more catalyst and alcohol while the esterification reaction is not fully completed. Moreover, the high formation of by-product gives low yield of biodiesel and during the conversion process not all fatty acid chains are turned into biodiesel which consequently reduces the quality and the yield. The current conventional process only can achieve maximum yield of 85% during esterification reaction.
Normally, by stoichiometry, three moles of alcohol are needed for each mole of triglyceride, but in reality a higher molar ratio is used in order to get higher yield of ester product. Even though esters are the main products of the trans-esterification reactions, glycerine as the byproduct is getting much attention due to its role in decreasing the conversion. Alcohol used in the reaction is normally methanol or ethanol however the yield of esterification is independent of the type of alcohol. The common alcohol used is methanol due its economical reason. Sulfic acid (H2SO4) is normally used for acid catalyst while potassium hydroxide (KOH) and sodium hydroxide (NaOH) are the commonly used for alkaline catalysts. Alkaline catalysed trans-esterification of vegetable oils is possible only if the acid value of oil is less than 4. Higher percentage of FFA in the oil will reduce the yield of the esterification process.
The free fatty acid (FFA) content of rubber seed oil is about 17%. The yield of esterification process decreases considerably if FFA value is greater than 2%. Transesterification would not occur if FFA content in the oil were about 3%. It has been found that the alkaline catalysed trans-esterification process is not suitable to produce esters from unrefined oils. Vegetable oils refining can increases the overall production cost of the biodiesel. Acid esterification is a typical method of producing biodiesel from high FFA oil [6] . But it requires high methanol and very time consuming.
Therefore, an alternative process is really required to reduce the processing time, to increase the yield, to lower amount un-reacted methanol and also catalyst, and to increase the mass transfer. Ultrasound (~20 kHz to l0 MHz) is cyclic sound pressure with a frequency greater than the upper limit of human hearing [7] . The ultrasound technique has been used for several applications such as extraction of xyloglucan from apple pomace The advantages of using ultrasound in transesterification process is that ultrasound generate bubble cavitation which replacing the mechanical agitation by stirrer, and therefore it is required for enhancing the esterification reaction [14, 15] . This paper describes the potential use of ultrasound for assisting biodiesel production using rubber seed oil.
Experimental Method

The procedure of experiment
The rubber seed was obtained from Perkebunan Karet Ngobo, Ungaran, Indonesia. The rubber seed was extracted for oil generation using mechanical pressing. The rubber seed was then fined for sizes 1-1.16 mm. The purification and analysis were done at Laboratory of Analysis, Chemical Engineering Department. After extraction, the oil was separated from the solid waste and was esterified using methanol and catalyst. The ultrasound was facilitated to enhance the mixing instead of mechanical agitation. The biodiesel product was purified using distillation to separate from methanol and glycerol. The schematic diagram for biodiesel production was shown in Figure 2 . 
Experimental design
This research conducted using experimental factorial design with 2 levels as shown in Table 2 . The independent variable used in this research are temperature ( 40 0 C ), pressure(1 atm), frequency (40 KHz), sample weight (50 gram), amount of catalyst (3 % weight), while the dependent variables are: mesh sizes (1 mm and 1,16 mm), solvent : oil ratio (2:1 and 3:1), type of catalyst (NaOH 1 N and H2SO4 98%).
Table 2
Factorial design for 3 variables To calculate yield of the extractive -reactive process, fatty acid methyl ester (FAME) was determined by using Gas Chromatography (GC). The yield was calculated from the weight of FAME in the product divided by oil content in the rubber seed oil. To determine effect of each variable, their interaction and significant effect of each variable, the factorial design of 2 levels was used
The equipment used in this experiment is shown in figure 3 . This equipment was used for extractive reactive completed by ultrasound unit and distillation. 
Results and Discussion
Reactive-extractive process
At the stage of reactive-reactive process, triglycerides from rubber seed oil are converted to biodiesel and glycerol. The yield obtained from this process shows a promising result of applying ultrasound for esterification of rubber seed oil. The ultrasound can enhance the yield of biodiesel due to its cavitation for mixing and generating primary spot in the reactant (Table 3) . The ultrasound wave has a huge energy at the surface tension which is reciprocal to the bubble radius. This short radius can generate energy which force the process occurred at lower temperature, compared to conventional operation (60 o C). Table 3 also shows that extraction and esterification could be done simultaneously
In determining the significant variables in the production process of biodiesel, the factorial design method was used. The linear correlation from response surface methodology delivers following equation: 
To determine significant and effect of interaction among variables, statistical analysis is required. Table 4 shows statistical analysis by using ANOVA method. The p value of each variable is greater than p in the table (p>0.05). Therefore, we assumed that all variables are significant and are not rejected as the model parameter.
The equation shows that coefficient of X1 has a negative value, meaning that high yield can be obtained by decreasing mesh sizes because surface area of mass transfer of oil from rubber seed to solvent is larger and therefore accelerate the mass transfer. In other hand, coefficient of X2 is positive, meaning that the yield can be increased by using larger ratio of solvent. This is supported by [17] stating that molar ratio of substrate and methanol is one of important factors for transesterification process. In this experiment, molar ratio of methanol and rubber seed oil is 1:2 and 1:3. The highest significant parameter is coefficient of X3 namely type of catalyst.
This equation shows that coefficient in front of X1X2X3 has larger value (10.5145) and therefore the interaction among these variables is the most significant followed by coefficient of X3 (7.1042) . Therefore this variable is the second significant variable in the process. The normal probability Figure 4 shows probability and the significant effect of variables. The most significant variable is shown by the farthest point of I123. Therefore, the interaction of three variables is the most significant in the production of biodiesel from rubber seed oil using ultrasound. The second most significant affect is type of catalyst while the third is the mesh sizes.
The use of acid catalyst results a higher yield compared to base catalyst. This proved that rubber seed oil contains high FFA (16%) which needs to be decreased by using esterification reaction prior to trans-esterification using base catalyst.
Oil with FFA more than 2% should be avoided for trans-esterification processes otherwise this FFA will react with base catalyst through saponification process [6, 17] . This condition leads to decreasing yield of biodiesel production and difficulty in separation. Figure  8 shows gas chromatography analysis result for biodiesel from rubber seed oil. Methyl esters in this sample are: methyl palmitate, methyl palmitonat, methyl stearate, methyl oleat, methyl linoleat, methyl arachidate, methyl linolenat. 
The interaction between two variables is shown by Figure 6 : The figure can be described as interaction of mesh sizes and ratio of solvent: raw materials; at the ratio of solvent and raw material 2:1, the changing of mesh sizes from 1 to 1.16 mm decrease the yield 7%, while at ratio 3:1 the yield only decrease 4%. Interaction of mesh sizes and type of catalyst; for acid catalyst, the increase of mesh size from 1 to 1.6 mm will decrease the yield about 2%, while for base catalyst; the decrease will be 5%. Interaction of solvent ratio and type of catalyst, for acid catalyst, increasing ratio from 2:1 to 3:1 will increase the yield by 9% while for base catalyst will increase the yield by 14%.
Conclusion
Process of extraction and esterification of rubber seed oil can occur simultaneously to form biodiesel assisted by ultrasound wave. The mathematical model of this process is: Y = 43,4894 -0,6926 X1 + 1,1807 X2 -7,1042 X3 + 2,6451 X1X2 -1,6557 X1X3 + 5,7586 X2X3 -10,5145 X1X2X3. Type of catalyst and interaction of three variables are a significant affect in the formation of biodiesel process.
